Introduction
The pancreas is a gland composed by two functionally distinct parts, which are closely associated: the endocrine and the exocrine pancreas. The exocrine pancreas is an important part of the digestive system. The major component of the pancreas is represented by the exocrine cells, which synthesize and secrete enzymes that participate in the digestion of food in the gut. The duct system comprises the main pancreatic duct (duct of Wirsung) and interlobular and intralobular ducts. Centroacinar cells are a kind of cell located at the junction of an acinus or acinar tubule with a small ductule, but they may be interspersed within an acinar tubule. The pancreatic acinar cell is the functional unit of the exocrine pancreas. It is responsible for the synthesis, storage, and secretion of the digestive enzymes. Pancreatic acinar cells display a pyramidal shape and a polarized distribution of subcellular components. Areas of specialization can be distinguished in the cytoplasm: an apical (luminal) side where the granule (containing zymogens) area is located and the nuclear side, located at the basal pole of the acinar cell. The endoplasmic reticulum is mainly observed in the basal region. Finally, between the luminal and the basal poles the Golgi complex can be found (Leung and Ip, 2006; Longnecker, 2014) .
Mitochondria are the organelles responsible for the aerobic metabolism in eukaryotic cells. They carry out a major role in the generation of energy that the cells use for survival, function, and proliferation (Galloway et al., 2012) . Within the acinar cells, the mitochondria can be observed as punctuate and filamentous subcellular components (Gonzalez and Salido, 2001) . It has been pointed out that mitochondria are preferentially located surrounding the granule region in a belt-shaped manner (Tinel et al., 1999) . However, mitochondria can be also observed beneath the basolateral plasma membrane and in between the zymogen granules in the luminal cell pole (Gonzalez et al., 2000) .
An increase in intracellular free-Ca 2+ concentration ([Ca 2+ ] i ) is the primary driver of digestive enzymes by pancreatic acinar cells (Williams, 2010) . Ca 2+ signals are the sum of different events that coordinately lead to controlled changes in [Ca 2+ ] i . An increase of [Ca 2+ ] i is the result of Ca 2+ release from intracellular stores (Streb et al., 1983) , the coordinated influx from the extracellular space (Putney, 1988) , Ca 2+ extrusion across the plasma membrane (Carafoli, 1991) , and Ca 2+ uptake into intracellular organelles (González et al., 1997; González et al., 2010) . Mitochondria behave as organelles that contribute to the control of [Ca the extracellular milieu (Gonzalez and Salido, 2001) . It has been proposed that mitochondria exhibit a finite capacity to accumulate and retain Ca 2+ , and that they exert a critical role as "firewalls" of elevated [Ca 2+ ] i (Walsh et al., 2009 ). The major clinical disorder associated with pancreatic acinar cells is the intraglandular activation of digestive enzymes. This nonphysiological process has been regarded as the critical process responsible for the damage of the gland. Upon activation of the digestive enzymes, inflammation can occur (Sah et al., 2013) . A considerable body of evidence indicates that the primary event initiating the disease process is the excessive release of Ca 2+ from intracellular stores, followed by excessive entry of the ion from the interstitial fluid (Gerasimenko et al., 2014) . In addition, it is assumed that acute pancreatitis involves Ca 2+ overload in the cytosol and the overproduction of reactive oxygen species (ROS) in pancreatic acinar cells. Both factors significantly interfere with mitochondrial function (Gerasimenko and Gerasimenko, 2012) .
A close relationship that involves Ca 2+ signals, mitochondria, oxidative stress, and zymogens has been considered the basis of pancreatic disease. Therefore, any physiological regulator of the system acting as a pacemaker will have profound effects on the regulation of the pancreatic function and will be a determinant of the gland's health fate.
Melatonin is produced in the mammalian pineal gland and retina following a circadian rhythm with high levels being released from the pineal in the blood at night (McArthur et al., 1997; Hunt et al., 2001) . Melatonin synchronizes clock-generated circadian rhythms and thus is implicated in the regulation of many physiological processes (Mühlbauer et al., 2009) . Melatonin is also released from the gastrointestinal tract, where its amount is greater than the content of melatonin in the nervous system (Jaworek, 2006) . The indole is additionally present in plant foods (Paredes et al., 2009) .
The plasmatic levels reported for circulating melatonin reach concentrations of up to 0.5 nmol in mammals. However, extrapineal concentrations may vary depending on the tissue and could reach micromolar levels . In the gastrointestinal tract (GIT) melatonin can reach levels higher than those present in serum. In this line, the total amount of melatonin in the GIT was calculated to be up to 400 times more than in the pineal gland (Huether, 1994; Bubenik et al., 1996; Vician et al., 1999) . Melatonin has also been found in high concentrations in the GIT of several nonmammalian vertebrates, with the highest content (>1000 pg/g) reported in the stomach of the garter snake (Bubenik and Pang, 1997) . The exclusive source of melatonin in the GIT is still a matter of discussion. Conversely to plasma levels, melatonin amounts in the digestive tract generally do not show daily fluctuations; therefore, it is thought that melatonin in the gut has an intestinal origin. Regarding these observations, it has been found that certain foods contain melatonin and when they are consumed, the indoleamine is absorbed by the gut. Moreover, melatonin is also produced by microorganisms in large amounts. Thus, an alternative source of melatonin may involve the intestinal flora (Manchester et al., 1995) .
The receptors for melatonin are distributed throughout the entire body, and their expression varies among different tissues and organs (Slominski et al., 2012) . Melatonin receptors are present in the pancreas, and existing evidence indicates that melatonin plays a major role in the function of this organ (Mühlbauer et al., 2009; Gonzalez et al., 2011; . Understanding of the mechanisms that regulate pancreatic acinar cell function and the comprehension of the participation of melatonin in pancreatic physiology are contributing to the knowledge of how this indole contributes to normal pancreatic function and its role in the prevention of disease.
2. Oxidative stress in the exocrine pancreas ROS are derived from the metabolism of oxygen as byproducts of cell respiration and are continuously produced in all aerobic organisms. Importantly, ROS are generated by the respiratory chain and other enzymatic components within the mitochondrion. Oxidative stress is a condition of imbalance between ROS formation and the antioxidant capacity of the cells, as a result of dysfunction of the cellular antioxidant system. Increased oxidative stress has been suggested to mediate the associated cell injury, mainly inflammation and cancer (Bruce and Elliot, 2007) . Pancreatitis is an inflammatory disease of pancreatic tissue whereby intracellular Ca 2+ signaling and enzyme secretion are impaired. In addition, a relationship between pancreatitis and cancer exists (Gong et al., 2014) . It has been suggested that ROS have a role as second messengers at low or moderate concentrations, while excessive amounts of ROS could evolve towards an oxidative stress condition and would damage macromolecules like proteins, DNA, and lipids, finally leading to cell damage (Reczek and Chandel, 2014; Yu and Kim, 2014) . Variations in the levels of these macromolecules are involved in various pathological changes and progression of diseases, including those affecting the exocrine pancreas (Armstrong et al., 2013; Peinado et al., 2014) . Among others, the major inducers of oxidative stress in the pancreas include overstimulation of the gland and/or sensitization of the gland to agonists by dietary components, as for example alcohol intake. In this line a plethora of studies exist and coincide to a major extent regarding the "round-trip ticket" that Ca 2+ bears between health and disease under oxidative stress.
A supramaximal concentration of cholecystokinin has been considered an inducer of acute pancreatitis. The hormone triggers a prolonged increase in [Ca 2+ ] i , which is responsible for the damage caused to pancreatic acinar cells and the eventual cell death (Voronina et al., 2015) . It has also been suggested that Ca 2+ overload will unavoidably lead to overproduction of ROS. The resulting intracellular activation of zymogens could be considered the set-point in the development of the cell injury (Petersen, 2004; Gerasimenko and Gerasimenko, 2012) . The activation of digestive enzymes within the acinar cells is involved in autodigestion of the gland, followed by a massive infiltration of neutrophils and macrophages and by the release of inflammatory mediators, responsible for the local and systemic inflammatory response (Irrera et al., 2014) .
Alcohol promotes pancreatitis through a combination of remote (e.g., increased gut permeability to bacterial products such as lipopolysaccharide) and more proximal effects (e.g., altered pancreatic cholinergic inputs), including oxidative damage at the level of the pancreatic acinar cell (Tapia et al., 2010; Lugea et al., 2011 ). Fernandez-Sanchez et al. (2009 showed that ethanol evoked an oscillatory pattern in [Ca 2+ ] i , in addition to an increase in ROS production. Of major relevance was the noticeable transformation into a single transient increase of the oscillations in [Ca 2+ ] i induced by a physiological concentration of cholecystokinin. Thus, ethanol might lead, either directly or through ROS generation, to an overstimulation of pancreatic acinar cells in response to cholecystokinin, resulting in a higher Ca 2+ mobilization compared to normal conditions. The actions of ethanol created a situation potentially leading to cytosolic Ca 2+ overload. In another study, ethanol reduced amylase release stimulated by CCK-8, an action that might be based on an increased level of [Ca 2+ ] i and a concomitant increase in ROS production (Gonzalez et al., 2006) . Interestingly, in the presence of ethanol, cholecystokinin led to a greater total Ca 2+ mobilization compared to that expected with cholecystokinin alone (Gonzalez et al., 2008) . Potentially, ethanol might lead to overstimulation of pancreatic acinar cells by cholecystokinin. In this line, intoxicating concentrations of ethanol led to cytosolic Ca 2+ overload and to the generation of ROS . Additionally, in pancreatic acinar cells treated with ethanol a lower content of total glutathione and protein sulfhydryls has been found, with higher levels of oxidized glutathione, malondialdehyde, and protein carbonyls. These results further indicate that ethanol oxidatively damages pancreatic acinar cells, which may account for the decreased exocrine function (Palmieri et al., 2007) .
Thus, it is important to underline that any process that is activated and directed towards a decrease in [Ca 2+ ] i , to avoid prolonged increases in mitochondrial Ca 2+ concentration ([Ca   2+ ] m ), and/or to decrease ROS production will represent a protective mechanism against inflammation of the gland. In relation to this, treatment with vitamin C restored impaired Ca 2+ signaling and maintained amylase output impaired by oxidative stress (Sweiry et al., 1999) . In a later study, we showed that the oxidant hydrogen peroxide (H 2 O 2 ) inhibited amylase secretion in response to cholecystokinin. The effects of the oxidant seemed to depend on a progressive accumulation of cytosolic Ca
2+
. Interestingly, the antioxidant cinnamtannin B-1, a naturally occurring A-type proanthocyanidin that belongs to a class of polyphenols, reduced the inhibitory action of H 2 O 2 (Gonzalez et al., 2012) . Moreover, this antioxidant attenuated the inhibition of enzyme secretion in response to high concentrations of cholecystokinin and diminished oxidation induced by the hormone. It was concluded that the beneficial effects of cinnamtannin B-1 appear to be mediated by a reduction in intracellular Ca 2+ overload, ROS production, and intracellular accumulation of digestive enzymes (Rivera-Barreno et al., 2010) . Resveratrol, another polyphenol, reversed the abnormal Ca 2+ signal induced by treatment with cerulein, and also reduced the histological damage induced by the agonist, as well as hyperamylasemia and hyperlipidemia (Carrasco et al., 2014) . These and other compounds present in beverages, such as quercetin, ellagic acid, or catechins, have been shown to be protective against pancreatitis by controlling pancreatic secretion, by stellate cell activation, or by reducing oxidative stress (Gerloff et al., 2010) .
Mitochondria and oxidative stress
Mitochondria possess an array of defenses to neutralize the normal ROS production during metabolism, which have been extensively reviewed (e.g., Collins et al., 2012; Murphy, 2012) . As a primary energy producer, mitochondria play an essential role in pancreatic exocrine physiology and pathology. Mitochondrial stress results in changes in mitochondrial function, morphology, and homeostasis (biogenesis, fission/fusion, mitophagy) and may lead to changes in cell fate. Critically, the loss of the mitochondrial membrane potential (Ψm) and adenosine triphosphate (ATP) depletion can lead to cell damage and death (Gerasimenko and Gerasimenko, 2012) . Moreover, it is well established that the status of the endoplasmic reticulum (ER) and mitochondria and the interactions between them are crucial to numerous cellular functions. Mitochondrial dynamics are influenced by cell stress, and recent studies implicate the ER in mitochondrial physiology (Lee et al., 2013) .
The relationship between mitochondria and Ca 2+ signaling is well known. Under physiological conditions, following its release from the intracellular stores or its influx from the extracellular space, Ca 2+ accumulates in mitochondria. Once in the matrix, Ca 2+ would regulate the activity of dehydrogenases, especially the pyruvate, isocitrate, and alpha-ketoglutarate dehydrogenases, therefore leading to a modulation of cellular energetic metabolism (Denton and McCormack, 1980) . However, in the presence of oxidative stress, cytosolic Ca 2+ responses in the exocrine pancreas are abnormally elevated and usually accompanied by elevation of Ca 2+ in mitochondria, mitochondrial depolarization, and mitochondrial permeability transition pore opening. Thus, achievement of high mitochondrial Ca 2+ levels under oxidative stress has been pointed out as the major factor determining mitochondria-dependent cell fate (Baumgartner et al., 2009) . The implication of mitochondria in the impairment of the normal spatiotemporal pattern of intracellular Ca 2+ signaling and, in particular, the transition to an irreversible intracellular Ca 2+ overload has also been suggested (Baggaley et al., 2008) .
In relation to this, stimulation of pancreatic acinar cells with cholecystokinin and/or the sarcoendoplasmic reticulum Ca 2+ pump inhibitor, thapsigargin, both induced changes in the cellular oxidative status. The results indicated that ROS were generated via accumulation of Ca 2+ in the mitochondria (Granados et al., 2004) . Another study showed that the pancreatitis inducer taurolithocholate induced prolonged increases in [Ca 2+ ] i , which were accompanied by an increase in the mitochondrial Ca 2+ content. In turn, a dose-dependent increase ROS was observed, which impaired the production of ATP and resulted in cell death (Booth et al., 2011) . A further study showed that stimulation of pancreatic acinar cells with a supraphysiological concentration of cholecystokinin caused a decrease in the mitochondrial membrane potential and ATP concentration, whereas the mitochondrial dehydrogenase activity was significantly increased. The antioxidant quercetin increased the AMP/ ATP ratio, suggesting that the AMP-activated protein kinase system might be activated. In addition, quercetin strongly inhibited cholecystokinin-induced trypsin activity. This antioxidant might reduce the severity of pancreatitis by its modulation of mitochondrial physiology (Weber et al., 2014) . Another study showed that ethanol decreased basal mitochondrial membrane potential and converted a transient depolarization, induced by physiologic concentrations of cholecystokinin, into a sustained decrease in mitochondrial membrane potential, resulting in reduced cellular ATP and increased cell death (Shalbueva et al., 2013) . Finally, in addition to energy supply, mitochondria oxidative stress induced posttranslational histone modifications, promoter DNA methylation, and impairment of micro-RNA expression patterns (Mishra et al., 2014) . Taking into account the existing evidence to date, we can asseverate that pathological Ca 2+ signaling is an important contributor to the initiation of cell injury. Cell damage may be caused by or acting through mitochondrial inhibition. The role of ROS in this process is also clear. However, establishing whether Ca 2+ or ROS is the first one initiating the chain of events that finally ends in the disease remains controversial (Mukherjee et al., 2008) . Preservation of mitochondria activity is thus an important challenge that the cell must accomplish in order to survive and prevent the development of diseases.
Melatonin and calcium in the exocrine pancreas
As we have mentioned above, impairment of Ca 2+ signaling and excessive ROS production are pivotal in the induction of pancreatic disease. The antioxidant and radical scavenging actions of melatonin have been clearly demonstrated; however, the effect of the indole on Ca 2+ handling by the cells is a matter of actual research. We have shown that the total Ca 2+ mobilization evoked by cholecystokinin was attenuated in the presence of melatonin compared with the responses observed in the presence of the secretagogue alone. The effect of melatonin could be explained on the basis of a stimulated Ca 2+ transport out of the cell through the plasma membrane and by a stimulation of Ca 2+ reuptake into the ER (SantofimiaCastaño et al., 2014) . In relation to this study, it has been suggested that melatonin stimulates an upregulation of sarco/endoplasmic reticulum Ca 2+ -ATPase and Na + /Ca 2+ exchanger expression, which can alleviate Ca 2+ overload in pancreatic acinar cells (Huai et al., 2012) .
In a parallel study, we demonstrated that treatment of pancreatic acinar cells with melatonin also resulted in a smaller total Ca 2+ mobilization in response to supramaximal concentrations of cholecystokinin. Basically, the evidence suggests that the indoleamine modulates Ca 2+ handling by the cell, which is based on a more efficient transport of Ca 2+ across cell membranes. The consequence would be that melatonin might alleviate a cytosolic Ca 2+ overload following stimulation of cells with Ca 2+ -mobilizing agonists. Additionally, our studies show that melatonin reduced the oscillatory pattern of Ca 2+ mobilization evoked by a physiological concentration of the secretagogue and completely inhibited Ca 2+ mobilization induced by low picomolar concentrations of cholecystokinin. Melatonin improved cell viability in the presence of supraphysiological concentrations of cholecystokinin. Additionally, melatonin attenuated enzyme secretion in response to the high concentrations of cholecystokinin (Santofimia-Castaño et al., 2013) . Therefore, all these observations suggest that melatonin alleviates intracellular Ca 2+ accumulation, ROS production, and overstimulation of enzyme secretion, which are considered situations potentially leading to cell damage in the exocrine pancreas.
Finally, our evidence further shows that accumulation of Ca 2+ into mitochondria was not affected in the presence of melatonin; therefore, we think that Ca 2+ handling by mitochondria might not be a major mechanism stimulated by melatonin to avoid cytosolic Ca 2+ overload (SantofimiaCastaño et al., 2014).
Melatonin and pancreatic function
Many different receptors and signaling pathways govern the complex biology of pancreatic secretion (Chandra and Liddle, 2012) . In the body, melatonin receptors include membrane and intracellular binding sites. Two types of melatonin receptors have been described at the plasma membrane, termed MT1 and MT2. These receptors belong to the family of guanine nucleotide-binding regulatory protein (G protein)-coupled receptors. A third melatonin binding site has been identified, formerly known as MT3. Quinone reductase 2, related to the xenobiotic metabolism of the cell, has been pointed out as the MT3. However, it has been stated that quinone reductase 2 does not comply with the criteria for being considered a melatonin receptor. Additionally, melatonin binding sites in the nucleus have been also reported. Binding of the indole within the nucleus has been reported to occur at the latter, identified as ROR orphan receptors. Finally, melatonin also interacts with cytosolic proteins, including calmodulin and calreticulin .
In general, it has been suggested that melatonin exerts a regulatory action on enzyme secretion. Given intraperitoneally, melatonin or its precursor L-tryptophan produced significant and dose-dependent increases in pancreatic amylase secretion under basal conditions or following stimulation of enzyme secretion by diversion of bile-pancreatic juice (Jaworek et al., 2004) . Because bilateral vagotomy completely abolished the increase of amylase output caused by melatonin, the effects of the indole may be explained, at least in part, by stimulation of vagal nerves (Nawrot-Porąbka et al., 2013). Moreover, it has been shown that intraperitoneally administered melatonin or L-tryptophan, and also when delivered into the gut lumen, stimulated pancreatic amylase secretion. This effect was paralleled by significant increases of the plasma levels of cholecystokinin; therefore, it could be possible that melatonin stimulated pancreatic exocrine function via mechanisms involving enteropancreatic reflexes and cholecystokinin release NawrotPorabka et al., 2007) . However, when administered in vitro, melatonin attenuated enzyme secretion in response to high concentrations of cholecystokinin (SantofimiaCastaño et al., 2013) . Thus, a controversy exists regarding the effect of the indole in in vivo vs. in vitro studies. Melatonin also exerts an action on acid/base movements. Aust et al. (2006) showed a stimulatory effect of melatonin on bicarbonate secretion, which may help to prevent duodenal damage.
Nevertheless, a common agreement exists that clearly suggests protective actions of melatonin towards the exocrine pancreatic function. In this line, treatment with melatonin has shown beneficial effects on Ca 2+ deregulations that are related to pancreatitis and the aging of the pancreas, therefore suggesting that melatonin could be an adequate therapeutic approach (Gomez-Pinilla et al., 2009) . Melatonin protected against the induction of oxidative stress and tissue injury and restored cell function in experimental ischemia/reperfusion injury of the pancreas following obstruction of gastroduodenal or inferior splenic arteries in rats (Jaworek et al., 2003; Muñoz-Casares et al., 2006) . Melatonin also exerts antioxidant effects on the gland. Evidence was given in the work by Jaworek et al. (2010) that showed that the pancreatic content of the lipid peroxidation products malondialdehyde and 4-hydroxynonenal increased, whereas the activity of the antioxidant enzyme glutathione peroxidase was decreased in pinealectomized rats. Similar observations were obtained in a previous work employing luzindole, an antagonist of melatonin MT2 receptors (Jaworek et al., 2002) . Additionally, melatonin possesses antiinflammatory properties. Gülben et al. (2010) showed that, in the presence of melatonin, the edema, inflammation, perivascular infiltrate, acinar necrosis, fat necrosis, and hemorrhage were decreased in taurocholateinduced acute pancreatitis. Similarly, treatment with melatonin resulted in a significant reduction in pancreatic edema and the levels of lipid peroxidation, as well as a decrease of serum amylase activity, in pancreatitis evoked by cerulein (Qi et al., 1999) . Recently it was suggested that melatonin protects the pancreatic damage via the decrease of oxidative stress and an increase of the activities of antioxidant enzymes (Carrasco et al., 2014) . Last, but not least, melatonin also has direct free radicals scavenging action (Barlas et al., 2004; .
On the other hand, it has been shown that the hormones ghrelin, leptin, and melatonin are able to modulate the immune function of the organism and to protect the pancreas against inflammatory damage. The protective mechanisms have been related to the stimulation of nonspecific immune defense and to the modulation of cytokine production, as well as to the activation of the antioxidant system in the acinar cells (Jaworek and Konturek, 2014) . Moreover, melatonin and L-tryptophan activate mechanisms that involve direct scavenging of ROS, activation of antioxidant enzymes, reduction of proinflammatory cytokines and prostaglandins, activation of heat shock protein, and a decrease of necrosis and increase of regeneration in the pancreas (Jaworek et al., 2003; . In this line, it has been shown that the indoleamine ameliorates cerulein-induced pancreatitis involving the activation of nuclear factor 2 erythroid related factor 2 (Nrf2) and nuclear factor kappa B (NFκB) (Jung et al., 2010) .
Melatonin and mitochondria
Preventing mitochondrial dysfunction could be an effective therapeutic strategy against cellular degenerative processes, because mitochondrial dysfunction is considered an important contributing factor in a variety of physiopathological situations, including pancreatic diseases. Apoptosis, also known as programmed cell death, is an essential natural process that eliminates damaged, unneeded, or dangerous cells from the body. This process can be activated in several ways, and its impairment might be the basis of a long list of illnesses. Mitochondria play a pivotal role in the so called "intrinsic pathway" of apoptosis. This physiological mechanism relies on mitochondrial membrane permeabilization (MMP) to liberate proapoptotic factors from the intermembrane space of this organelle. Destabilization and/or decreased expression of antiapoptotic members of the Bcl-2 family of proteins (e.g., Bcl-2 and Bcl-xL) or induction of proapoptotic Bcl-2 family members (e.g., Bax, Bad, and Bak) can occur. In a later step, the permeability of the mitochondrial membrane is compromised, allowing the formation of outer membrane channels. As a consequence, proapoptotic factors from the intermembrane space of mitochondria are release into the cytoplasm. Among these, cytochrome c plays a critical role. In addition, proteases, ROS, and Ca 2+ are also capable of promoting the MMP needed in order to release proapoptotic factors. Upon release of proapoptotic factors from mitochondria, activation of effector caspases (3, 6, and 7) takes place (Campo, 2009 ).
The potential mechanisms or approaches by which melatonin interacts with mitochondria may involve direct detoxification of free radicals, through its nonreceptormediated scavenging capacity, and an increase of the activity of mitochondrial electron transport chain complexes. It is expected that the indole thus improves mitochondrial respiration and ATP production. With regard to the mitochondrial electron transport chain, it has been suggested that melatonin interacts with complexes I and IV to promote electron flux. The indoleamine thus controls ROS production, thereby reducing electron leakage and ROS generation. Moreover, melatonin lowers damage to mitochondrial proteins and DNA, increases the activity of antioxidant enzymes, stabilizes the mitochondrial inner membrane, and regulates mitochondrial gene expression .
There is limited evidence showing the effect of melatonin on mitochondrial physiology in the healthy exocrine pancreas. In a recent study by Santofimia-Castaño et al. (2014) , which was carried out on pancreatic acinar cells stimulated with supraphysiological concentrations of cholecystokinin, the protective effects of melatonin on Ca 2+ signaling could not be related to the involvement of Ca 2+ accumulation into mitochondria. Interestingly, though, it has been suggested that melatonin improves Ψm of aged mice (Camello-Almaraz et al., 2008) .
Nevertheless, the role of melatonin in preventing mitochondrial dysfunction in other tissues has been reported. To cite just some of the more recent research, we know that the indole protected the structural integrity of mitochondria in myocardial cells, promoted ATP synthesis, and avoided heart injury. The protection mechanism was related with antioxidative damage (Liu et al., 2014) . The level of oxidative stress-related markers of mitochondrial apoptosis (Bax, cleaved caspase-3, and PARP, cytochrome c release into the cytosol) decreased in the presence of melatonin in acute respiratory distress syndrome (Sun et al., 2015) . Melatonin abolished destructive demyelination effects induced by the drug cuprizone in the corpus callosum, by decreasing oxidative stress and by restoring mitochondrial respiratory enzyme activity and fusion and fission processes (Kashani et al., 2014) . Melatonin administration also reduced Bax translocation to the mitochondria and the release of cytochrome c into the cytosol, preventing brain injury following a subarachnoid hemorrhage (Chen et al., 2014) . The indoleamine also showed neuroprotective effects in transgenic mice of amyotrophic lateral sclerosis. Melatonin significantly delayed disease onset and neurological deterioration; its effects were explained by an inhibition of Rip2/caspase-1 pathway activation, by the release of mitochondrial cytochrome c, and by a decreased overexpression and activation of caspase-3 (Zhang et al., 2013) . In hepatocytes, melatonin normalized the levels of ROS formation, intracellular reduced glutathione, cellular oxidized glutathione, lipid peroxidation, and mitochondrial depolarization induced by the antiepileptic drug phenytoin (Eghbal et al., 2014) . In smooth muscle cells, aging induced a partial mitochondrial depolarization in resting conditions and reduced the depolarizing response to cellular stimulation, and melatonin treatment prevented all these changes (Martin-Cano et al., 2014) .
Conversely to the study of its effects on intact tissue, the action of melatonin on pancreatic tumors has been an object of deepest research. It has been revealed that night work might influence cancer risk, possibly via suppression of melatonin release (Parent et al., 2012) . In fact, changes of the levels of melatonin and tumor necrosis factor alpha (TNFα) in the serum of advanced cancer patients have been detected. It is noteworthy that the circadian rhythm of melatonin was altered (Muc-Wierzgon et al., 2003) . In relation to cancer development, different studies have suggested that melatonin reduces proliferation in different tumor cell lines. The reported evidence indicates that melatonin could modulate the process of pancreatic oncogenesis and this coincides with the observation that melatonin, at high doses, could be potentially considered as a supportive treatment in the therapy of pancreatic cancer . The major effects seem to be related to the apoptotic process, with a basis on the mitochondria. In this line, melatonin promotes apoptosis in pancreatic cancerous cells. Gonzalez et al. (2011) reported that melatonin induced transient changes in [Ca 2+ ] i in AR42J tumor cells. This was accompanied by an increase in [Ca 2+ ] m and depolarization of Ψm. A change in the oxidative status of mitochondria was also noted. In addition, activation of caspase-3 was detected. Altogether, melatonin reduced AR42J cell viability. Formerly it was shown that melatonin exerted changes in the intrinsic pathway of apoptosis at the mitochondrial level and the cascade of caspases in human pancreatic carcinoma (PANC-1) cells. Interestingly, a stimulation of the protein levels of the proapoptotic factors Bcl-2/Bax and caspase-9 was observed. Of major relevance was the observation that the proapoptotic effect of melatonin was induced by a low (physiological) concentration of the indole (LejaSzpak et al., 2010) . In another study carried out in the same cell line, melatonin inhibited cellular proliferation, probably via reduction of vascular endothelial growth ), by which the indole could modulate enzyme secretion. Finally, melatonin acts on the mitochondrial electron transport chain (ETC) to efficiently handle the oxidative status of these organelles, improving mitochondrial respiration and ATP production. Moreover, the indoleamine may regulate the mitochondrial pathway of apoptosis.
factor (VEGF) concentrations in the extracellular medium and also intracellularly (Lv et al., 2012) . The effect of melatonin on tumor angiogenesis was also investigated in a parallel study by Cui et al. (2012) , who showed that the indole inhibited the cell proliferation and migration of human umbilical vein endothelial cells cocultured with PANC-1 cells, and also decreased the VEGF protein secreted to the cultured medium. Melatonin additionally stimulated phosphorylation of heat shock protein-27 (HSP27), a cytoprotective chaperone . Another study carried out in the pancreatic cancer cell line SW-1990 revealed a growth inhibition after treatment of cells with high doses of melatonin; this action might be explained by a modulation of Bcl-2/Bax balance in the presence of the indole (Xu et al., 2013) . Melatonin also enhanced chemotherapy-induced cytotoxicity and apoptosis in rat pancreatic tumor AR42J cells. The treatment with the indoleamine elevated mitochondrial membrane depolarization and augmented ROS production evoked by chemotherapeutic drugs (Uguz et al., 2012 ). An evaluation of pathological tumor evolution and oxidative stress markers in pancreatic tissue was carried out in Syrian hamsters. In that study, melatonin exerted beneficial effects that were associated with a decrease in lipoperoxide levels and increased antioxidant activity in the pancreatic tissue (Ruiz-Rabelo et al., 2011) . Previously it had been shown that celecoxib, a specific inhibitor of cyclooxygenase-2, induced a reduction in tumor nodules, oxidative stress, and death of Syrian hamsters with developed experimental pancreatic cancer. The combined treatment with melatonin exerted a synergistic beneficial effect. It is worth noting that melatonin alone had significant beneficial actions in improving the survival of hamsters. The antitumoral actions involved a modulation of the levels of lipoperoxides, reduced glutathione, superoxide dismutase, catalase, and glutathione peroxidase (Padillo et al., 2010) .
Summarizing, day by day researchers are giving news about the positive actions of melatonin on cell physiology, clearly stating its role in the maintenance of health. Interestingly, melatonin appears to behave like a key that, when turned in one sense, activates a set-up of mechanisms that will help the cell in the regulation of physiology. Conversely, when turned in the other sense, the key locks down the development of disease. The Figure  shows the possible molecular pathways involved in the actions of melatonin in the exocrine pancreas, and the Table summarizes the current results on melatonin, the pancreas, and mitochondria. 
